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OBJECT LENS FOR OPTICAL PICKUP AND 
METHOD FOR DESIGNING THE SAME 

BACKGROUND OF THE INVENTION 

5 The present invention relates to an object lens used for recording/reproducing data 

in/from an optical recording medium, and more particularly, it relates to an object lens for 
use in an optical pickup of finite conjugate type that can attain good focusing 
characteristics in accordance with any of two kinds of optical recording media different in 
the substrate thickness, and a method for designing the object lens. 
10 A general DVD reproducing apparatus needs not only a reproducing function for a 

DVD but also a reproducing function for a compact disk (CD) and a reproducing or 
recording function for a write once CD (CD-R) that has recently been rapidly spread. 
Reproducing light used for reproducing data from a DVD is red laser of a wavelength of a 

i 

650 nm band, and reproducing light used for reproducing data from a CD or CD-R is 
15 infrared laser of a wavelength of a 780 nm band. Accordingly, a current DVD 
reproducing apparatus includes two semiconductor laser diodes, that is, a red 
semiconductor laser diode for generating a red laser beam and an infrared semiconductor 
laser diode for generating an infrared laser beam. 

Also, in accordance with demands for downsizing of information equipment such 
20 as a personal computer, it is necessary to downsize a DVD reproducing apparatus. In 
order to downsize a DVD reproducing apparatus, it is indispensable to reduce the size and 
the thickness of an optical pickup. For reducing the size and the thickness of an optical 
pickup, the optical system of the optical pickup is simplified. As one of the methods for 
simplifying the optical system, compatibility between a DVD and a CD is attained by 
25 using a single object lens. Specifically, although there are differences, such as the 
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thickness of the disk substrate, the wavelength of laser used for irradiation and the 
numerical aperture NA of an object lens used in the irradiation with the laser, between a 
DVD and a CD, a system for attaining compatibility between a DVD and a CD by using a 
single object lens has been proposed. 
5 For example, according to the description of Japanese Laid-Open Patent 

Publication No. 11-96585, as shown in FIGS. 16A and 16B, first luminous flux Sdl 
passing in the vicinity of the optical axis of an object lens is used for the 
recording/reproducing in a first focusing position and for the recording/reproducing in a 
second focusing position, second luminous flux Sd2 passing outside the first luminous flux 
10 Sdl is mainly used for the recording/reproducing in the second focusing position, and third 
luminous flux Sd3 passing outside the second luminous flux Sd2 is mainly used for the 
recording/reproducing in the first focusing position. 

In this case, a collimating lens is inserted between the object lens and laser used as 
the light source, so that parallel rays can enter the object lens. Therefore, the lens can be 
15 easily designed so that the numerical aperture NA and the focusing position of the object 
lens can be changed in accordance with any of different thicknesses of a disk substrate and 
different wavelengths of the laser. 

However, in order to make parallel rays always enter the object lens displaced in 
accordance with the variation of the disk, it is necessary to use a collimating lens 
20 sufficiently large as compared with the displacement of the object lens. As a result, even 
when a single object lens is used, the optical system is infinite and hence the optical path is 
long because the collimating lens is large, which disadvantageous^ prevents the 
downsizing of the whole apparatus. 

Also, for reducing the size and the thickness of an optical pickup, a finite 
25 conjugate type object lens that can be singly used in an optical system is preferably used. 
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However, with respect to divergent rays, the angle of the light entering the object lens 
displaced in accordance with the variation of the disk is always changed, and therefore, in 
the case where the wavelength of the used light is also changed, such a lens is very difficult 
to design and has not been realized yet. 
5 On the other hand, with respect to semiconductor laser diodes, integration of a red 

semiconductor laser diode and an infrared semiconductor laser diode has been started to 
realize. A current DVD reproducing apparatus includes two optical components 
respectively for a red semiconductor laser diode and an infrared semiconductor diode. 
Therefore, when the two laser diodes, that is, the red semiconductor laser diode and the 

10 infrared semiconductor laser diode, are integrated, an optical component can be shared 
between them, so that the size and the thickness of the optical pickup can be reduced. 

For example, Japanese Laid-Open Patent Publication No. 11-186651 discloses a 
monolithic semiconductor laser diode array integrated on one substrate as shown in FIG. 
17 as the integration of a red semiconductor laser diode and an infrared semiconductor 

15 laser diode. 

In this case, a distance between the light emitting portion of the infrared 
semiconductor laser diode and the light emitting portion of the red semiconductor laser 
diode can be controlled in accordance with the accuracy in photolithography performed in 
semiconductor diffusion process. Therefore, as compared with the case where laser chips 
20 are assembled in a hybrid manner, each light emitting portion can be very accurately 
provided, so that the distance between the light emitting portions can be set to 270 \im or 
less. 

SUMMARY OF THE INVENTION 

25 In consideration of the aforementioned conventional disadvantages, according to 
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the present invention, the technique that the distance between light emitting portions of a 
monolithic semiconductor laser diode array including light emitting portions integrated on 
one substrate for emitting light of different wavelengths can be very accurately set to 270 
[tm or less is utilized, and the relative position between an object lens and the light 
emitting portions is fixed. Thus, an object of the invention is easing design of a lens that 
can change its numerical aperture NA and its focusing position in accordance with 
divergent rays emitted from light emitting portions respectively of different wavelengths, 
whereby providing a finite conjugate type object lens applicable to different types of 
optical recording media. 

In order to achieve the object, the object lens for an optical pickup of this 
invention is of finite conjugate type for use in an optical pickup capable of recording data 
in and reproducing data from a first optical recording medium and a second optical 
recording medium respectively having recording faces at different heights by irradiating 
the first optical recording medium and the second optical recording medium with a laser 
beam through the object lens. Specifically, the optical pickup includes a semiconductor 
laser diode array having light emitting portions for respectively emitting laser beams of 
different wavelengths, and the object lens is designed to have numerical aperture 
controlled to be changed in accordance with switching between the different wavelengths, 
whereby allowing the laser beam to be focused on the first optical recording medium or the 
second optical recording medium. 

Owing to the above-described architecture, the distances from the respective light 
emitting portions of the semiconductor laser diode array for respectively emitting the laser 
beams of the different wavelengths to the object lens are substantially the same. 
Therefore, even when divergent rays of the finite optical system enter the object lens, the 
numerical aperture NA can be controlled to be changed in accordance with the switching 




of the wavelength of the irradiation light. Accordingly, the laser beam having passed 
through the object lens can be definitely focused on the recording face of the optical 
recording medium arbitrarily selected from a plurality of optical recording media different 
at the height of the recording face. Also, since the object lens of this invention is a finite 
5 conjugate type object lens, the optical pickup can be downsized. Furthermore, since the 
optical system of the optical pickup is a finite optical system and the number of optical 
components of the optical pickup is reduced, the optical pickup can be operated at a higher 
speed. 

In the object lens of this invention, a relative positional relationship between the 
10 object lens and the semiconductor laser diode array is preferably fixed. 

In the object lens of this invention, a distance between the light emitting portions 
of the semiconductor laser diode array is preferably 270 ^m or less. Thus, wave 
aberration of a spot of the laser beam focused on each optical recording medium can fall in 
an allowable range. 

15 In the object lens of this invention, change of the numerical aperture of the object 

lens is preferably controlled in accordance with the switching between the different 
wavelengths in such a manner that, in the case where a laser beam of a wavelength suitable 
to the first optical recording medium is allowed to pass through the object lens for 
irradiating the first optical recording medium, portions of the laser beam respectively 

20 passing through a circular center region including a lens optical axis and a ring-shaped 
intermediate region around the center region are focused on the recording face of the first 
optical recording medium, and that in the case where a laser beam of another wavelength 
suitable to the second optical recording medium is allowed to pass through the object lens 
for irradiating the second optical recording medium, portions of the laser beam 

25 respectively passing through the center region and a ring-shaped peripheral region around 
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the intermediate region are focused on the recording face of the second optical recording 
medium. Thus, the focusing position and the numerical aperture NA can be changed in 
accordance with the thickness of the substrate of the optical recording medium. In this 
case, the center region and the intermediate region are preferably defined by an identical 
5 lens function. 

In the method of this invention for designing an object lens for an optical pickup, 
the object lens to be designed is of finite conjugate type for use in an optical pickup 
capable of recording data in or reproducing data from a first optical recording medium and 
a second optical recording medium respectively having recording faces at different heights 

10 by irradiating the first optical recording medium and the second optical recording medium 
with a laser beam through the object lens. Specifically, in the case where the object lens 
is disposed in a position fixed against a semiconductor laser diode array including light 
emitting portions for respectively emitting laser beams of different wavelengths, numerical 
aperture of the object lens is controlled to be changed in accordance with switching 

1 5 between the different wavelengths for allowing the laser beam to be focused on the first 
optical recording medium or the second optical recording medium. 

Thus, even when divergent rays of the finite optical system enter the object lens, 
the numerical aperture NA can be controlled to be changed in accordance with the 
switching of the wavelength of the irradiation light, so that the divergent rays can be 

20 focused on the optical recording medium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a schematic diagram for showing the architecture of an optical pickup 
including an object lens according to an embodiment of the invention and FIG. IB is a 
25 front view for showing respective regions of the object lens of the embodiment; 
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FIG. 2A is a table of values of design parameters employed, in the case where an 
optical recording medium is a DVD or a CD, in a design example 1 and a design example 
2 based on a method for designing an object lens according to the embodiment of the 
invention, and FIG. 2B is a diagram for explaining the relationship among the respective 
5 design parameters in an optical arrangement of an optical pickup and an optical recording 
medium; 

FIG. 3 is a partial view for showing the outline of an object lens designed by the 
method for designing an object lens according to the embodiment of the invention; 

FIG. 4 is a table for showing values of the design parameters including aspherical 
10 coefficients and the like employed in the design example 1 based on the method for 
designing an object lens according to the embodiment of the invention; 

FIG. 5 is a table for showing values of the design parameters including aspherical 
coefficients and the like employed in the design example 2 based on the method for 
designing an object lens according to the embodiment of the invention; 
15 FIG. 6A is a diagram of an optical path, obtained when the optical recording 

medium is a DVD, corresponding to the design example 1 based on the method for 
designing an object lens according to the embodiment of the invention, and FIG. 6B is a 
diagram of an optical path, obtained when the optical recording medium is a CD, 
corresponding to the design example 1 based on the method for designing an object lens 
20 according to the embodiment of the invention; 

FIG. 7A is a diagram of an optical path, obtained when the optical recording 
medium is a DVD, corresponding to the design example 2 based on the method for 
designing an object lens according to the embodiment of the invention, and FIG. 7B is a 
diagram of an optical path, obtained when the optical recording medium is a CD, 
25 corresponding to the design example 2 based on the method for designing an object lens 
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according to the embodiment of the invention; 

FIG. 8 is a table of optical magnifications of the object lenses designed by the 
design example 1 and the design example 2 based on the method for designing an object 
lens according to the embodiment of the invention; 
5 FIG. 9A is a diagram for showing spherical aberration, astigmatism and distortion 

caused, when the optical recording medium is a DVD, by the object lens designed by the 
design example 1 based on the method for designing an object lens according to the 
embodiment of the invention, and FIG. 9B is a diagram for showing spherical aberration, 
astigmatism and distortion caused, when the optical recording medium is a CD, by the 

10 object lens designed by the design example 1 based on the method for designing an object 
lens according to the embodiment of the invention; 

FIG. 10A is a diagram for showing spherical aberration, astigmatism and 
distortion caused, when the optical recording medium is a DVD, by the object lens 
designed by the design example 2 based on the method for designing an object lens 

15 according to the embodiment of the invention, and FIG. 10B is a diagram for showing 
spherical aberration, astigmatism and distortion caused, when the optical recording 
medium is a CD, by the object lens designed by the design example 2 based on the method 
for designing an object lens according to the embodiment of the invention; 

FIG. 11A is a diagram of the distribution of point image intensity (without 

20 numerical aperture limited) obtained, when the optical recording medium is a DVD, by the 
object lens designed by the design example 1 based on the method for designing an object 
lens according to the embodiment of the invention, FIG. 11B is a diagram of the 
distribution of point image intensity (without numerical aperture limited) obtained, when 
the optical recording medium is a CD, by the object lens designed by the design example 1 

25 based on the method for designing an object lens according to the embodiment of the 
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invention and FIG. 11C is a diagram of the distribution of point image intensity (with 
numerical aperture limited) obtained, when the optical recording medium is a CD, by an 
object lens designed by a comparative design example 1 ; 

FIG. 12A is a diagram of the distribution of point image intensity (without 
5 numerical aperture limited) obtained, when the optical recording medium is a DVD, by the 
object lens designed by the design example 2 based on the method for designing an object 
lens according to the embodiment of the invention, FIG. 12B is a diagram of the 
distribution of point image intensity (without numerical aperture limited) obtained, when 
the optical recording medium is a CD, by the object lens designed by the design example 2 

10 based on the method for designing an object lens according to the embodiment of the 
invention and FIG. 12C is a diagram of the distribution of point image intensity (with 
numerical aperture limited) obtained, when the optical recording medium is a CD, by an 
object lens designed by a comparative design example 2; 

FIG. 13 is a table of values of spot diameters and side lobes obtained from the 

15 distributions of point image intensity shown in FIGS. 11 A through 11C and 12A through 
12C; 

FIG. 14A is a diagram for showing a state where the object lens designed by the 
design example 1 based on the method for designing an object lens according to the 
embodiment of the invention is provided, as a mask for a DVD, with a ring-shaped mask 

20 for shielding an intermediate region corresponding to the numerical aperture NA of 0.3 
through 0.45, FIG. 14B is a diagram for showing a state where the object lens designed by 
the design example 1 based on the method for designing an object lens according to the 
embodiment of the invention is provided, as a mask for a CD, with a ring-shaped mask for 
shielding a peripheral region corresponding to the numerical aperture NA of 0.45 through 

25 0.6, FIG. 14C is a table of wave aberration, spot diameters and side lobes measured when 



the object lenses of FIG. 14A and 14B are used for a DVD and a CD, and FIG. 14D is a 
table of values measured in the same manner as FIG. 14C when the object lenses are 
designed with the intermediate region corresponding to the numerical aperture NA of 0.35 
through 0.45; 

5 FIG. 15 is a graph for showing change of wave aberration caused by the object 

lens designed by the design example 2 based on the method for designing an object lens 
according to the embodiment of the invention against change of the distance between a 
first light emitting portion and a second light emitting portion when the first light emitting 
portion of the optical pickup shown in FIG. 1 A is positioned on the lens optical axis; 
10 FIG 16A is a cross-sectional view of an object lens used in a conventional optical 

pickup and FIG. 16B is a front view of the object lens of FIG. 16A taken from the side of a 
light source; and 

FIG. 17 is a perspective view of a monolithic semiconductor laser diode array in 
which a red semiconductor laser diode and an infrared semiconductor laser diode are 
1 5 integrated on one substrate. 



DETAILED DESCRIPTION OF THE INVENTION 

Now, an object lens for an optical pickup and a method for designing the same 
according to a preferred embodiment of the invention will be described with reference to 
20 the accompanying drawings. It is noted that the drawings referred to below are 
schematically but sufficiently shown for understanding the present invention, and it goes 
without saying that the present invention is not limited to examples shown in the drawings. 

FIG. 1A is a schematic diagram for showing the architecture of an optical pickup 
including an object lens according to this embodiment, and FIG IB is a front view for 
25 showing respective regions of the object lens of the embodiment. 
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As shown in FIG. 1A, the optical pickup 100 is constructed as a unit in which an 
LD/PD integration unit 101, a diffraction optical device 102 and the object lens 103 
(according to this embodiment) are integrally fixedly arranged, and its face having the 
object lens 103 opposes an optical recording medium 110 to be recorded/reproduced. The 
5 LD/PD integration unit 101 is built as one component in which a semiconductor laser 
diode (LD) array including a first light emitting portion 101a and a second light emitting 
portion 101b for respectively emitting light of different wavelengths, and a photo detector 
(PD) are integrated. In other words, in the optical pickup 100, the object lens 103 is 
disposed in a position fixed against the first light emitting portion 101a and the second 

10 light emitting portion 101b, namely, the LD array. Also, the optical pickup 100 is 
commonly used for a first optical recording medium, such as a CD or a CD-R, and a 
second optical recording medium, such as a DVD, having a smaller substrate thickness 
than the first optical recording medium. In other words, the optical recording medium 
110 can be selected from the first and second optical recording media, and the optical 

15 pickup 100 changes its position against the optical recording medium 110 in accordance 
with the type of the optical recording medium 110. 

In FIG. 1A, the recording face of the optical recording medium 110 (that is, one 
face not opposing the object lens 103 out of the main faces of the optical recording 
medium 110) is shown with a solid line when the optical recording medium 110 is a CD or 

20 a CD-R (namely, the first optical recording medium) and with a broken line when the 
optical recording medium 110 is a DVD (namely, the second optical recording medium). 

In an optical pickup like the optical pickup 100 having the integration architecture 
in which the unit having the object lens fixed thereon is moved against each of different 
types of optical recording media, two light emitting portions of semiconductor laser diodes 

25 switched to emit light in accordance with the type of optical recording medium are 
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arranged in the substantially same position on the optical path. Specifically, the optical 
path from each light emitting portion to the object lens is fixed and the distances from the 
respective light emitting portions to the object lens are substantially the same. In other 
words, the distance from the object lens to the optical recording medium alone is variable. 
5 According to the present invention, these conditions and a difference in the wavelength of 
laser beams emitted from the two light emitting portions to be switched are utilized, so as 
to provide an object lens having a numerical aperture NA changed in accordance with each 
of the two types of optical recording media that are different in the laser wavelength 
necessary for the recording/reproducing, and a method for designing the object lens. 

10 Specifically, between the recording/reproducing of the first optical recording 

medium (such as a CD or a CD-R) and that of the second optical recording medium (such 
as a DVD), the necessary laser wavelength, the numerical aperture NA of the object lens, 
the height of the recording face and the spot diameter of a focused laser beam are different. 
Therefore, in order to cope with these differences, premising that a laser beam is focused 

15 by moving the whole optical pickup 100, the object lens is designed in this embodiment as 
follows: As shown in FIG. IB, the object lens 103 of this embodiment is composed of a 
circular center region 103a including the lens optical axis, a ring-shaped peripheral region 
103c and a ring-shaped intermediate region 103b sandwiched between the center region 
103a and the peripheral region 103c. In the case where, as shown in FIG. 1A, the first 

20 light emitting portion 101a of the LD/PD integration unit 101 emits a laser beam 105A of a 
wavelength (of, for example, 790 nm) suitable to a CD or a CD-R, the laser beam 105A 
enters the object lens 103 after passing through the diffraction optical device 102. The 
object lens 103 is designed so that portions of the laser beam 105A respectively passing 
through the center region 103a and the intermediate region 103b can be focused on the 

25 recording face of the CD or the CD-R (namely, the first optical recording medium) but a 

12 



I 



portion of the laser beam 105A passing through the peripheral region 103c can be out of 
focus and cannot be focused on this recording face. On the other hand, in the case where, 
as shown in FIG. 1A, the second light emitting portion 101b of the LD/PD integration unit 
101 emits a laser beam 105B of a wavelength (of, for example, 660 nm) suitable to a DVD, 
5 the laser beam 105B enters the object lens 103 after passing through the diffraction optical 
device 102. The object lens 103 is designed so that portions of the laser beam 105B 
respectively passing through the center region 103a and the peripheral region 103c can be 
focused on the recording face of the DVD (namely, the second optical recording medium) 
but a portion of the laser beam 105B passing through the intermediate region 103b can be 

10 out of focus and cannot be focused on this recording face. 

Such object lens design is carried out by setting the numerical aperture NA of the 
object lens for obtaining a spot diameter necessary for the recording/reproducing of a CD 
or a CD-R, that is, the first optical recording medium, to 0.45 and setting the numerical 
aperture NA of the object lens for obtaining a spot diameter necessary for the 

15 recording/reproducing of a DVD, that is, the second optical recording medium, to 0.60. 
When a circumferential portion of the lens with the maximum diameter for allowing light 
to pass through and to be focused on a recording face of an optical recording medium 
(which portion corresponds to the outer circumference of the intermediate region 103b in 
using the laser beam 105A and the outer circumference of the peripheral region 103c in 

20 using the laser beam 105B) is at an angle 8 against the optical axis when seen from the 
focal point and has a refractive index n (which is 1 in the case of the air), the numerical 
aperture NA is defined as follows: NA = n-sin9. Accordingly, when a lens region for 
allowing light to pass through but not to be focused on the recording face is controlled in 
accordance with switching of the wavelength of the irradiation light, the change of the 

25 numerical aperture NA, namely, change of the spot diameter, can be controlled. Also, in 
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order to make light having passed through a predetermined region of the lens be out of 
focus on a recording face, the lens is designed so that the spherical aberration in this 
predetermined region of the lens can be abruptly changed when the wavelength of the light 
emitted from the semiconductor laser diode is switched in accordance with the type of 
5 optical recording medium. Such lens design is carried out, specifically, while adjusting 
lens characteristics so that the spot diameter of the focused light may have a necessary 
value and the side lobe may have a predetermined value or less. 

In the object lens 103 of this embodiment, the circular center region 103a of the 
object lens 103 is used for focusing the light on both the first and second optical recording 
10 media, and therefore, the utilization of the quantity of light entering the object lens 103 can 
be high. 

Next, specific design examples of the optical pickup 100 and the object lens 103 
will be described. 

FIG. 2A shows design examples 1 and 2 employed when the optical recording 
15 medium 110 is a DVD or a CD. Specifically, the focal length of the object lens 103, the 
effective diameter Rl of the object lens 103 on its light incident face, the effective 
diameter R2 of the object lens 103 on its light outgoing face, the total length of the optical 
path (TT) from the light emitting portion 101a or 101b of the LD/PD integration unit 101 
to the recording face of the optical recording medium 110, the distance (OD) from the light 
20 emitting portion 101a or 101b to the light incident face of the object lens 103, the 
thickness (CT) of the object lens 103 and the distance (WD) from the light outgoing face of 
the object lens 103 to the surface of the optical recording medium 110 are listed. The 
values of the effective diameters Rl and R2 are determined, in consideration of the 
relationship with the focal length, so that the numerical aperture NA can be suitable to the 
25 pit diameter of each of the DVD and the CD. Also, the units of numerical values listed in 



FIG. 2A are all millimeters. 

FIG. 2B is a diagram for explaining the relationship among the respective design 
parameters of TT, OD, CT and WD in the optical arrangement of the optical pickup 100 
and the optical recording medium 110. In FIG. 2B, like reference numerals are used to 
5 refer to like elements shown in FIG. 1A. Also, in the design examples 1 and 2, the 
distance from the light emitting portion 101a or 101b to the diffraction optical device 102 
is 0.685 mm and the diffraction optical device 102 has a thickness of 2.8 mm as shown in 
FIG. 2B. Furthermore, although not shown in the drawing, in both the design examples, 
the distance between the light emitting portion 101a and the light emitting portion 101b is 

10 120 \im, and the distance from the surface of the optical recording medium 110 to the 
recording face thereof is 0.6 mm in a DVD and 1.2 mm in a CD. Moreover, in both the 
design examples, the refractive index of the material for the diffraction optical device 102 
is set to 1.525250, the refractive index of the material for the object lens 103 is set to 
1.530473 and the refractive index of the optical recording medium 110 is set to 1.5585203, 

1 5 whereas these refractive indexes are against a laser beam of a wavelength of 660 nm. 

In this embodiment, the object lens 103 is designed as a lens represented by an 
aspheric equation, for example, as follows: 



20 direction with the lens center set as the origin (with positions on the side closer to the 
optical recording medium set as + positions), and x indicates a position on the lens surface 
along the width direction with the lens center set as the origin (with positions on the right 
hand side of the + positions along the thickness direction set as + positions). Also, R 



z = 




.10 



In this equation, z indicates a position on the lens surface along the thickness 
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indicates the curvature of the lens, and k, A4, A6, As and A10 indicate aspheric coefficients. 

Specifically, the object lens 103 of this embodiment is designed as follows: The 
circular center region 103a including the lens optical axis commonly used for a DVD, a 
CD and a CD-R and the intermediate region 103b used for a CD or a CD-R alone are 
5 designed as one lens A, and the peripheral region 103c used for a DVD alone is designed 
as one lens B. These lenses A and B are bonded and integrated to each other to obtain the 
object lens 103. FIG. 3 is a partial view for showing the outline of the object lens 103 
thus designed. In FIG. 3, the lens optical axis is shown with a long dashed short dashed 
line. As shown in FIG. 3, the bonding portion between the lens A and the lens B may be 

10 in a step shape. 

FIGS. 4 and 5 are tables for listing values of the design parameters including the 
aspheric coefficients employed in the design example 1 and the design example 2, 
respectively. In FIGS. 4 and 5, an "Rl face" indicates the lens face opposing the 
semiconductor laser diode and an "R2 face" indicates the lens face opposing the optical 

15 recording medium. Also, an "A region" indicates a region corresponding to the center 
region 103a commonly used for a DVD, a CD and a CD-R and the intermediate region 
103b used for a CD or a CD-R alone, and a "B region" indicates a region corresponding to 
the peripheral region 103c used for a DVD alone. Furthermore, the respective numerical 
values employed in the design example 1 and listed in FIG. 4 are determined so as to attain 

20 a lens edge thickness of 0.4 mm or less, and the respective numerical values employed in 
the design example 2 and listed in FIG. 5 are determined so as to attain a lens edge 
thickness of approximately 0.8 mm and make other design items similar to those attained 
by the design example 1. 

FIG. 6A is a diagram of the optical path (namely, the optical path of a laser beam 

25 in the optical arrangement of the optical pickup 100 and the optical recording medium 110) 
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obtained by the design example 1 when the optical recording medium is a DVD, and FIG. 
6B is a diagram of the optical path obtained by the design example 1 when the optical 
recording medium is a CD. Also, FIG. 7 A is a diagram of the optical path obtained by 
the design example 2 when the optical recording medium is a DVD, and FIG. 7B is a 
5 diagram of the optical path obtained by the design example 2 when the optical recording 
medium is a CD. In FIGS. 6A, 6B, 7A and 7B, like reference numerals are used to refer 
to like elements shown in FIG. 1A. Also, in FIGS. 6A and 7A, a reference numeral HOB 
denotes a DVD, and in FIGS. 6B and 7B, a reference numeral 110A denotes a CD. Each 
of these diagrams of the optical paths is synthesized with the optical pickup 110 moved for 

10 focusing against the recording face (i.e., the face not opposing the object lens 103) of the 
DVD HOB or the CD 110A. 

FIG. 8 is a table of optical magnifications of the object lenses 103 designed by the 
design example 1 and the design example 2. 

In the present invention, the object lens is made to be out of focus by utilizing the 

15 lens characteristics, so as to attain a similar effect to that attained by providing a numerical 
aperture limiting device for changing the numerical aperture NA. Actually, according to 
the invention, substantially the same effect as that attained by using the numerical aperture 
limiting device can be attained with respect to the wave aberration of a DVD having large 
numerical aperture NA. 

20 FIG. 9A shows the spherical aberration, the astigmatism and the distortion 

obtained by the design example 1 when the optical recording medium is a DVD, and FIG. 
9B shows the spherical aberration, the astigmatism and the distortion obtained by the 
design example 1 when the optical recording medium is a CD. Also, FIG. 10A shows the 
spherical aberration, the astigmatism and the distortion obtained by the design example 2 

25 when the optical recording medium is a DVD, and FIG. 10B shows the spherical aberration, 
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the astigmatism and the distortion obtained by the design example 2 when the optical 
recording medium is a CD. 

FIG, 11A shows the distribution of point image intensity (without numerical 
aperture limited) obtained by the design example 1 when the optical recording medium is a 
5 DVD, FIG. 11B shows the distribution of point image intensity (without numerical 
aperture limited) obtained by the design example 1 when the optical recording medium is a 
CD, and FIG. 11C shows the distribution of point image intensity (with numerical aperture 
limited) obtained by a comparative design example 1 when the optical recording medium 
is a CD. Also, FIG. 12A shows the distribution of point image intensity (without 

10 numerical aperture limited) obtained by the design example 2 when the optical recording 
medium is a DVD, FIG. 12B shows the distribution of point image intensity (without 
numerical aperture limited) obtained by the design example 2 when the optical recording 
medium is a CD, and FIG. 12C shows the distribution of point image intensity (with 
numerical aperture limited) obtained by a comparative design example 2 when the optical 

15 recording medium is a CD. In the comparative design example 1, the numerical aperture 
is limited in the peripheral region 103c used for a DVD alone of the object lens 103 
designed by the design example 1, and in the comparative design example 2, the numerical 
aperture is limited in the peripheral region 103c used for a DVD alone of the object lens 
103 designed by the design example 2. 

20 As shown in FIGS. 11A, 11B, 12A and 12B, the object lens 103 of this 

embodiment attains the point image intensity distribution with few side lobes and with 
crosstalk suppressed. Thus, it is understood that the object lens 103 of this embodiment is 
sufficiently practical. 

FIG. 13 is a table of values of spot diameters and side lobes obtained from the 

25 point image intensity distributions respectively shown in FIGS. 11A through 11C and 12A 
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through 12C In FIG. 13, the values listed in the row of "Design example 1" and the 
columns of "Numerical aperture limited" correspond to the comparative design example 1 
shown in FIG. 11C, and the values listed in the row of "Design example 2" and the 
columns of "Numerical aperture limited" correspond to the comparative design example 2 
5 shown in FIG. 12C. Also, in FIG. 13, "CDX" indicates the spot diameter along the X- 
direction on a CD and "CDY" indicates the spot diameter along the Y-direction on a CD. 

As shown in FIG. 13, when the design examples of this embodiment without the 
numerical aperture limited and the comparative design examples using the numerical 
aperture limiting device are compared, there is substantially no difference in the values of 

10 the spot diameter, and the values of the side lobes attained by this embodiment exhibit a 
sufficient characteristic for practical use. 

FIG. 14A shows a state where the object lens 103 designed by the design example 
1 is provided, as a mask for a DVD, with a ring-shaped mask for shielding the intermediate 
region 103b corresponding to the numerical aperture NA of 0.3 through 0.45. Also, FIG. 

15 14B shows a state where the object lens 103 designed by the design example 1 is provided, 
as a mask for a CD, with a ring-shaped mask for shielding the peripheral region 103c 
corresponding to the numerical aperture NA of 0.45 through 0.6. FIG. 14C shows the 
wave aberration, the spot diameters and the side lobes measured when the object lenses of 
FIGS. 14A and 14B are used for a DVD and a CD. FIG. 14C additionally shows the 

20 wave aberration, the spot diameters and the side lobes measured when the object lens 103 
designed by the design example 1 and having no mask is used for a DVD and a CD. 

As shown in FIG. 14C, when the object lenses provided with the masks are 
compared with the object lenses of this embodiment with no masks, although there is a 
small difference in the measured values of the wave aberration, the measured values of the 

25 spot diameters and the side lobes are substantially the same. In other words, the data 
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listed in FIG. 14C reveal that the lens structure with no mask of this embodiment can attain 

optical characteristics sufficiently practically usable. 

Furthermore, FIG. 14D shows values measured in the same manner as in FIGS. 

14A through 14C when the object lens 103 is designed to have the intermediate region 
5 103b corresponding to the numerical aperture NA of 0.35 through 0.45. Also the data 

shown in FIG. 14D reveal that the lens structure with no mask of this embodiment can 

attain optical characteristics sufficiently practically usable. 

The values listed in FIG. 14D are obtained, in consideration of errors in 

processing and assembly, by designing the lens so as to attain wave aberration of 0.03 
10 ARMS or less when a mask is provided. However, if the wave aberration may be 

degraded nearly to MarechaPs limit, the lower limit value of the numerical aperture NA 

corresponding to the intermediate region 103b can be further increased. 

FIG. 15 shows change of the wave aberration obtained by the design example 2 

against change of the distance between the first light emitting portion 101a and the second 
15 light emitting portion 101b (namely, shift of the light source) when the first light emitting 

portion 101a (i.e., the light emitting portion for a CD) of the optical pickup 100 shown in 

FIG. 1A is positioned on the optical axis. 

As shown in FIG. 15, if the wave aberration is allowed to degrade nearly to the 

Marechal's limit for a CD, the object lens design of this embodiment is effective in the 
20 case where the distance between the light emitting portions 101a and 101b is 270 j^m (0.27 

mm) or less (which corresponds to an area of the drawing on the left hand side of a long 

dashed short dashed line). In other words, when the distance between the light emitting 

portions in the semiconductor laser diode array of the optical pickup 100 is 270 |im or less, 

the wave aberration of the laser spot focused on the recording face of the optical recording 
25 medium 110 can fall in an allowable range. 
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As described so far, the optical pickup 100 records data in or reproduces data from 
the optical recording medium 110, which is selected from a CD (or a CD-R) and a DVD 
respectively having recording faces at different heights, by irradiating the optical recording 
medium 110 with a laser beam of a wavelength suitable to the optical recording medium 
110 by using the semiconductor laser diode array including the first light emitting portion 
101a and the second light emitting portion 101b respectively emitting light of different 
wavelengths. The object lens 103 of this embodiment is a finite conjugate type object 
lens provided on the optical pickup 100 including the semiconductor laser diode array. 
Also, the numerical aperture NA of the object lens 103 is changed in accordance with the 
wavelength of a laser beam emitted from the semiconductor laser diode array, so that the 
laser beam having passed through the object lens 103 can be focused on the recording face 
of the optical recording medium 110. At this point, since the distances from the light 
emitting portions 101a and 101b of the semiconductor laser diode array to the object lens 
103 are substantially the same, even when divergent rays of the finite optical system enter 
the object lens 103, the change of the numerical aperture NA of the object lens 103 can be 
controlled in accordance with the switching of the wavelength of the laser beam emitted 
from the semiconductor laser diode array. Accordingly, the laser beam having passed 
through the object lens 103 can be definitely focused on the recording face of the optical 
recording medium 110 arbitrarily selected from a plurality of optical recording media 
different in the height of the recording faces. 

Furthermore, since the object lens 103 of this embodiment is a finite conjugate 
type object lens, the optical pickup 100 can be downsized. Moreover, since the optical 
system of the optical pickup 100 is a finite optical system and the number of optical 
components of the optical pickup 100 is reduced, the optical pickup 100 can attain a higher 
operation speed. 
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Also, the object lens 103 of this embodiment is disposed in the position fixed 
against the light emitting portions 101a and 101b, namely, the semiconductor laser diode 
array. Therefore, the distances from the light emitting portions 101a and 101b to the 
object lens 103 can be definitely made substantially the same. 
5 Furthermore, the object lens 103 of this embodiment includes the circular center 

region 103a including the lens optical axis, the ring-shaped peripheral region 103c and the 
ring-shaped intermediate region 103b sandwiched between the center region 103a and the 
peripheral region 103c. In the case where the first light emitting portion 101a emits the 
laser beam 105A of a wavelength suitable to a CD or a CD-R, the numerical aperture NA 

10 of the object lens 103 is changed so that the portions of the laser beam 105A respectively 
passing through the center region 103a and the intermediate region 103b can be focused on 
the recording face of the CD or the CD-R. On the other hand, in the case where the 
second light emitting portion 101b emits the laser beam 105B of a wavelength suitable to a 
DVD, the numerical aperture NA of the object lens 103 is changed so that the portions of 

15 the laser beam 105B respectively passing through the center region 103a and the peripheral 
region 103c can be focused on the recording face of the DVD. In other words, in 
accordance with the substrate thickness of the optical recording medium 110, namely, in 
accordance with the height of the recording face, the change of the numerical aperture NA 
of the object lens 103 can be definitely controlled, so as to definitely control the focusing 

20 position of the laser beam having passed through the object lens 103. Furthermore, in this 
embodiment, the center region 103a and the intermediate region 103b of the object lens 
103 are defined by an identical lens function, and therefore, the lens can be easily designed. 

In this embodiment, the object lens for an optical pickup commonly applicable to 
a CD or a CD-R and a DVD is described. However, according to the present invention, 

25 laser beams respectively passing through a plurality of regions of a lens are controlled to 
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be focused or not to be focused on a recording face by changing the numerical aperture NA 
in accordance with the wavelength of light emitted by a semiconductor laser diode. 
Accordingly, the present invention is applicable not only to the optical pickup described in 
this embodiment but also to the optical system of any optical pickup used for another 
5 optical recording medium. 
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